Estimate of the variability in the aerosol-free clear-sky outgoing shortwave radiation
We calculate radiative kernels (Soden et al., 2008; Shell et al., 2008) to estimate the change in aerosol-free clearsky outgoing shortwave radiation (rsutcsaf) due to perturbations in surface albedo (salb), water vapor (WVP), and ozone (qo3). The variability in rsutcsaf is then estimated from (α · salb + β · W V P + γ · qo3) swdn where α = ∂palb ∂salb , β = ∂palb ∂W V P and γ = ∂palb ∂qo3 . swdn and palb are the incoming shortwave flux at the top of the atmosphere and the planetary albedo, respectively. The α, β, and γ radiative kernels are derived using the AM3 radiative model. We evaluate our methodology by comparing the annual variability of rsutcsaf calculated in CERES SYN over the 2001-2015 period with that estimated using the radiative kernels introduced above. CERES SYN rsutcsaf is calculated using surface albedo, water vapor, and ozone constrained by observations inputted into a radiative transfer code. We use the same surface albedo, water vapor, and ozone in conjunction with our Jacobian to estimate the variability in rsutcsaf. Figure S1 shows the root mean square (RMS) of the annual anomaly in rsutcsaf from SYN (panel A) and how it is reduced by applying in succession the correction terms for surface albedo (α · salb), water vapor (β · W V P ), and ozone (γ · qo3). Correcting for changes in the salb reduces the RMS over most land regions ( Figure S1B ). However, the RMS remains large over the Sahara, Australia, the Amazon, and North America. It is further reduced once changes in water vapor and to a lesser extend ozone are accounted for ( Figure S1C and D). Figure S1 : Root mean square of the annual anomaly in the outgoing clear-sky shortwave radiation without aerosols (Rsutcsaf) and its decrease after accounting for the effect of albedo (B), albedo and water vapor (C), albedo, water vapor, and ozone (D). The area weighted RMS over land from 60S to 60N is in indicated in each panel a The trend is estimated using the Theil-Sen method. Bootstrap estimates of the 95% confidence interval are indicated in bracket. * denote non significant monotonous change at p=0.05 Table S2 : Observation-based and simulated decadal trends for the AOD and direct clear-sky shortwave radiative effect (DRE The trend is estimated using the Theil-Sen method. Bootstrap estimates of the 95% confidence interval are indicated in bracket. * denote non significant monotonous change at p=0.05 (Fig. 3) using MEIC emissions over China (see text). The top row shows the AOD retrieved from different spaceborne instruments (MODIS-Terra (lines), MODIS-Aqua (cross), MISR (diamond)) and the simulated AOD decomposed into its components (bars). The second row shows the simulated clear-sky shortwave aerosol direct radiative effect of individual aerosols (bars) and the overall aerosol direct radiative effect (white circle). The bottom row shows observation-based and simulated estimates of changes in the aerosol direct radiative effect. 
